
More men from, the cities were rejected (23 per
cent.) than from the rural districts and small towns
(20 per cent.), owing not only to the environmental
condition in the large cities, but also to the character
of the foreign population congregated in them.

In the study of the physical conditions of the selec¬
tive service men, much space was devoted to the study
of the defects or diseases noted, since it was the pur¬
pose of the study to determine the relative prevalence
of the several kinds of defects and diseases in the
various sections of the country. Considering, then, the
total number of defects rather than of defective men,
we find that for each hundred men there were fifty-six
defects noted. The excess of the defects over the
defective men per hundred was nine; in other words,
nine men out of each hundred had two defects which
were of sufficient military importance to note.

A defect of some character was noted in 80 per cent,
of all men from Rhode Island, while those from Kan¬
sas had only a little over half this number (42 per
cent.). The physique of the population of the various
states varied even to as great an extent as the number
of physical defects did. Rhode Island had the largest
relative number of men who were below the required
military height, the largest percentage of those below
the required military weight for their height, and also
the largest percentage of those who were regarded as
obese. In other words, the population, which was

composed to a considerable extent of South Europeans
and French Canadians, ran to the extreme. The men
from certain of the other states, and especially from
the North Central and Northwestern states, were much
better proportioned.

The average height or stature of 1,000,000 men was
67.49 inches (171.4 cm.). The shortest men came from
Rhode Island (66.4 inches, or 168.6 cm.), the tallest
from Texas (68.4 inches, or 173.7 cm.). Considering
the population groups, the tallest men came from the
mountain area of North Carolina. These men were of
Scotch descent and averaged 68.67 inches (174.4 cm.).

The average weight for the United States was 141.54
pounds (64 kg.). The heaviest men were from South
Dakota (146.96 pounds, or 67 kg.), and the lightest
from Rhode Island (136.44 pounds, or 61.9 kg.).
Considering the sections the lightest men were from
the section of Florida which had a large percentage of
West Indians and Spanish (136.23 pounds, or 61.8
kg.). Of the total rejections, 7.6 per cent, were
because of underweight, while a little less than 1 per
cent, were from underheight, the latter being only a

military defect and not an economic one. The relation
of weight to height is most important. Thus, among
the men who were sent to the military camps and were

rejected there on account of pulmonary tuberculosis,
82.6 per cent, were under the required weight for their
stature. If greater attention could have been directed
by the local boards to the relative weight, probably a

large percentage of such cases could have been detected.
Among the population groups, the greatest number

of defects was noted for the French Canadians (68.4
per cent.) and the least among the Mexicans (47.2 per
cent.), closely followed by the native whites of Scotch
origin (47.3 per cent.). In each hundred men from the
urban districts there were sixty-one defects noted, and
from the rural, fifty-three. Chicago (sixty-two) and
Boston (sixty-nine) were above the average for the
cities, while Philadelphia (sixty) and New York
(sixty) were both below the average.

Of the individual defects which were recorded most
frequently in the men examined, the principal ones
occurred in this order: flatfoot, 11.7 per cent.;
venereal diseases, 5.7 per cent. ; hernia, 4 per cent. ;
refractive errors of the eye, 3.3 per cent. ; organic
disease of the heart, 3.1 per cent.; underweight, 3.1
per cent. ; tuberculosis, 2.5 per cent. ; hypertrophied
tonsils, 2.3 per cent.; defective teeth, 1.4 per cent.;
mental deficiencies, 1.2 per cent.

It is not necessary for me to say that a great number
of the defects mentioned are easily corrected. The
fact that they were not corrected diminishes the man's
economic value and, in a very material way, lessens his
happiness in life. Nor is it necessary to point out the
measures which could be taken for their correction.
Suffice it to say that the physical examination of our
children in public school and their supervision by
health officers while in school ; civilian training camps
where the young men undergo careful physical survey ;
encouragement in life extension work, which includes
the periodic examination of all people after they have
reached the age of 40; and general education of the
public with reference to the venereal diseases stand
among the important measures.

THE LETHAL AGENT IN ACUTE
INTESTINAL OBSTRUCTION

R. W. GERARD, Ph.D.
Professor of Physiology, University of South Dakota

CHICAGO

The continuous appearance in clinical journals of
papers which purport to discuss the cause of death in
acute intestinal obstruction, but which entirely ignore
or misconstrue the important experimental work carried
on in the last few years, especially by L. R. Dragstedt
and his co-workers, suggests the desirability of a brief
review of this field. Particularly vexed have been the
questions of the nature of the poison (for all workers
agree that a poison taken up from the obstructed intes-
tine is the lethal agent) and its source.

Whipple and his collaborators 1 have shown that the
formation of a closed loop of the upper intestine, by
double section, infolding the cut ends of the isolated
segment after thorough washing, and reestablishing
continuity of the remaining intestine by anastomosis,
is equivalent to a simple obstruction. An animal on
which such an operation has been performed dies in a
manner typical of obstruction, and in the loop there
accumulates a fluid which, on intravenous injectioninto a second animal, leads to similar symptoms. The
poisons may be developed, then, in the absence of all
foods, bile and pancreatic and gastric juices, and in the
absence of a secretion peculiar to any one portion of
the intestine ; the ultimate source must be the mucosa
and its products, or the bacteria.

NATURE OF THE OBSTRUCTION POISONS
Consideration of the chemicals present in these

indicates that the only known toxic agents which
might be formed by their lysis are the protein decom¬
position products. Oxycholesterol, derivatives of the
glucosamins of mucin, and cholin and neurin from
lecithin might be formed, and contribute to the generaltoxicity of loop fluid ; but they are not toxic to the

1. The literature is reviewed by Gerard, R. W.: J. Biol. Chem. 52:
111 (May) 1922.
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same extent or in the same manner as the whole fluid
and are, therefore, of secondary importance. The
phenols and mercaptans formed from proteins occupy
a similar position.

More important are the secondary derived products
—proteoses, peptones, kyrins, Vaughan's toxic fraction
and the vasodilatins—and the amins, which are espe-

TABLE 1.—EFFECT OF INTRAVENOUS INJECTION OF
OBSTRUCTION FLUID, HISTAMIN AND

PROTEOSE

Object Affected
Blood pressure

Temperature
Respiration

Effect of Intravenous Injection in Dog

Heart
Pupils
Secretion

Lymph flow
Coagulability of blood

Concentration of blood
Skeletal muscle
Cats
Guinea-pigs
Immunity

Intestinal strip
Necropsy

Obstruction Fluid
Fall, rise above nor¬

mal and prolongedfall
Prolonged fall
Rapid, then slow and

labored
Slowed
Dilated
Increased vomiting,

salivation, bloody
diarrhea pancreatic
secretion*

Rapid
Decreased

Increased
Tremors and rigidityResistant
"H i s t a m i  shock"

with dyspnea
Nonantigenic

Contracts
Great engorgement of

intestinal mucosa,
especially in the
duodenum

Histamin
Fall, rise above nor¬

mal and prolonged
fall, in cat

Prolonged fall
Rapid, then slow and

fails
Slowed
Dilated
Increased vomiting,

salivation, bloody
diarrhea pancreaticsecretion

RapidSlightly decreased ;
proteose gives a de¬
crease

Increased
Rigidity
Resistant
"H istanti  shock"

with dyspnea
Nonantigenic; proteose

probably nonanti¬
genic

Contracts
Great engorgement of

intestinal mucosa,
especially in the
duodenum

L. R. Dragstedt, personal communication to the author.

cially formed by bacterial action, and include many
highly poisonous substances. Bacterial exotoxins are
not present, and the endotoxins most probably are

protein split products. Vaughan's toxin so closely
resembles histamin that Vaughan has suggested the
identity of the two.

There are other, unknown, compounds present, but
these are almost certainly breakdown products. The
normal mucosal secretions are innocuous, and the con¬
ditions of obstruction causing deficient blood supply
and necrosis, bacterial putrefaction, liberation of auto-
lytic enzymes from dead cells, and the like, would
severely interfere with, if not entirely prevent, the
elaboration of new toxic substances by these cells.
Chemically, therefore, the loop poison would seem to
be in the amin or proteose groups.

Table 1 shows that obstruction fluid, histamin and
proteose are almost identical pharmacologically.

The chemical properties of these three poisons, how¬
ever, show marked differences, as indicated in Table 2.

Chemical analysis, of obstruction fluids has substan¬
tiated these conclusions. Nesbitt found neurin and
cholin in simple obstruction fluid after feeding a

lecithin-rich diet. Kukula isolated a pentamethylene
diamin. Roger reported the presence of a proteose in
obstruction fluid, and Whipple and his co-workers more

completely identified a primary heteroproteose. Sweet,
Peet and Hendrix described a proteose and a "cholin-
like" substance. Histamin has been isolated from feces,
intestinal contents and intestinal mucosa, and from
obstruction fluids in the dog and in man.

FORMATION OF OBSTRUCTION POISONS

The presence of histamin and proteose among the
obstruction poisons indicates strongly a bacterial agency

in their formation ; there is evidence that bacteria play
an essential rôle in the genesis of these poisons.

Bacteria multiply prodigiously in the obstructed
bowel ; the putrefactive strains, such as Bacillus coli,
overgrow all others, and the contents become alkaline,
favoring putrefaction. When bacterial growth is
checked, obstruction of the intestine is not attended by
the usual fulminating symptoms but, if continuity is
reestablished, is entirely compatible with health. Drag-
stedt has pointed out the absence of toxic symptoms
in cases of congenital atresia prior to bacterial invasion.
Davis and Stone and others, by means of Thiry's
fistula, allowed the secretion of an isolated loop of
bowel to drain to the surface. The secretion was
nontoxic when fresh but, after incubation for eighteen
hours, produced typical symptoms on injection into a

dog. When bacterial growth was prevented, the secre¬
tion remained innocuous. The dogs with such draining
loops lived in health, but died if the opening was
occluded. Murphy and Vincent found that the jeju¬
num of a dog incubated in vitro with its blood devel¬
oped the typical obstruction poisons.

Murphy and Brooks 2 distended the gallbladder of a

dog with sterile blood, and ligated the duct. The whole
became necrotic, but no general symptoms appeared,
nor did the contents become toxic to a second dog.
When a small amount of jejunal contents was added
to the blood distending the gallbladder, the animal died
from the usual toxemia, and the bladder contents pro¬
duced typical shock on intravenous injection into
another dog.

Still more significant are the results which Drag-
stedt3 has secured. The closed loop of the upperjejunum in dogs is always fatal within three or four
days. If the usual operation is performed but the
isolated segment, instead of being closed, is washed and
left open in the peritoneal cavity, those dogs which
survive the peritonitis remain well. In a few weeks
the loop is entirely sterilized, and may then be closed as
usual. Such a loop becomes distended, and may even

TABLE 2.—CHEMICAL PROPERTIES OF LOOP POISON,
HISTAMIN AND PROTEOSE

Reagent
Heat
Acid; refluxing

with 20 per
cent, hydro¬
chloric acid

Alkali
Trypsin

Erepsin
Alcohol
Half saturated

ammonium sul¬
phateCollodion mem¬
brane

Passage through
liver

Loop Poison
Stable
Stable

Stable
Stable

Stable
Part soluble
Part insoluble
Part soluble
Part insoluble

Diffusable in part
Part destroyed

Histamin
Stable
Stable

Stable

Proteose

Stable
Hydrolyzed

Hydrolyzed
Stable; slow loss Possibly stable

in a heteropro-
Stable

Soluble

Soluble

Diffusible

Part destroyed

teose form
Probably hydro¬lyzed
Insoluble
Insoluble

Nondiffusible
Part destroyed

rupture, with a nonpoisonous fluid, and causes no toxic
symptoms. Partial or entire blocking of the blood sup¬
ply is attended by no more serious consequence than
résorption of the isolated loop, though the same block¬
ing of the normal septic intestine is inevitably fatal.

2. Murphy, F. T., and Brooks, Barney: Intestinal Obstruction,Arch. Int. Med. 15: 392 (March) 1915.
3. Dragstedt, L. R.: Moorhead, J. J., and Burcky,F. W.: J. Exper.Med. 25: 421 (March) 1917. Dragstedt, L. R.; Dragstedt, C. A.;McClintock, J. T., and Chase, C. S.: J. Exper. Med. 30:109 (Aug.)1919.
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ABSORPTION. OF OBSTRUCTION POISONS
The contents of an obstructed bowel, then, become

poisonous as a result of the formation of histamin and
allied proteolytic products by the action of putrefactive
bacteria. These poisons produce, on injection, symp¬
toms identical with those of acute ileus. The same
toxic fluids introduced into a normal intestine, how¬
ever, are quite innocuous, and must be, therefore, either
rejected by the mucosa or destroyed before reaching
the systemic circulation. This has led many workers
to postulate the production of an obstruction poison by
the mucosa itself, from which the majority passes
directly into the blood, while some is fortuitously dis¬
charged into the lumen—whence the toxicity of the
fluid.4

Since the poisons are formed by bacteria, the
assumption of their parallel production by metabolic
activity of the mucosa is entirely unnecessary, and
indeed the absence of any toxemia from distended
sterile loops of intestine militates against this conclu¬
sion. Extracts of obstructed intestine mucosa are toxic,
though less so than the contents, and contain histamin.
It may be shown that poisons formed in the lumen are
absorbed from the bowel under obstruction conditions.

Closed loops of the duodenum are usually fatal in
from one to two days, of the upper jejunum in from
two to four days, and of the lower jejunum in three
or more days, while loops of the lower ileum and colon
are entirely compatible with life. The contents of a

closed loop at any level are typically poisonous, so

that the differences at these levels lie in the absorption
of the poisons. A closed loop of colon opened many
months after its production is but slightly, if at all,
distended and the mucosa is uninjured. A loop of
jejunum examined at necropsy is invariably greatly
distended, unless it has ruptured, and the mucosa is
gangrenous over large areas. Such an injured mucosa

might well lose the very special ability of selective
absorption, and permit the influx of poisons normally
prevented from reaching the blood. The duodenum in
particular is vulnerable, for slight distention at any
point suffices to compress the duodenal vessels, which
follow the mesenteric margin, against the serosa, and
leads to rapid degeneration of the mass of the loop
mucosa.5 The more rapid fatality of the higher
obstructions would thus be correlated with the greater
secretion of the upper portions of intestine and con¬

sequent early distention, anemia and necrosis of the
mucosa."

4. As evidence for this view, it has been shown (Whipple, G. H.;
Stone, H. B., and Bernheim, B. M.: J. Exper. Med. 17: 307, 1913.
Whipple, G. H.: Contributions to Medical and Biological Research, New
York 2: 1065, 1919) that when the mucosa is killed by sodium Huorid,
a closed loop will not prove fatal. This may easily be the result of
decreased secretion into, and absorption from, the lumen. The contents
of such a loop cause a marked fall in blood pressure on intravenous
injection.

5. Dragstedt, L. R., and Dragstedt, C. A.: Acute Dilatation of the
Stomach, J. A. M. A. 79: 612 (Aug. 19) 1922.

6. Van Zwalenburg showed that a pressure of 80 mm. of mercury
in the lumen of the intestine for one hour led to degenerative changes
in the mucosa. There is much evidence to indicate that these poisons
may be absorbed in slight amounts even by the normal intestine, espe-
cially the small one. In the colon, the contents are not mixed about, and
when the contents are solid, little absorption is possible. Also much of
the poison is destroyed by further putrefaction (Donaldson, A. N.: Rela-
tion of Constipation to Intestinal Intoxication, J. A. M. A. 78: 884
[March 25] 1922). Dragstedt has noted toxic conditions of a chronic
nature (listlessness, sticky coat, epileptiform seizures, and the like)
following the production of a closed loop of small intestine 2 or 3 feet
long. The putrefaction here is intense, and sufficient absorption of
poisons occurs over the large area of mucosa to cause symptoms, even

though the distention is slight and the mucosa apparently normal. The
well known tetany and death which follow the feeding of meat to dogs
with Eck's fistula is significant in this connection; also the recent obser-
vations of Luckhardt (Proc. Soc. Exper. Biol. & Med. 19:121, 1921)
that parathyroidectomized dogs, kept healthy and without tetany for
months by intravenous saline injections, pass into tetany at once when
f[ill]dmeat, especially when given putrid meat or when a stasis is induced.

Hartwell and Hoguet7 early observed that dogs
starved for four days previous to a duodenal obstruc¬
tion survived it for more than two weeks. The secre¬
tion was reduced by inanition. More striking results
were obtained by Dragstedt in washing the isolated
loop, before closing, with astringent solutions, such
as ether, alum, and tannic acid, which enabled a large
percentage of dogs to survive indefinitely. The con¬
tents of these loops were septic and toxic, but the
whole loop was only slightly distended, and the mucosa
was intact.

Murphy and Brooks,2 in an acute experiment, intro¬
duced obstruction fluid into a loop of normal intestine.
The animal showed no symptoms, nor were its body
fluids toxic to another dog. When the fluid was intro¬
duced into a loop under a pressure of 80 mm. of mer¬

cury, the animal died in six hours, and lymph collected
from its thoracic duct was lethal to a second dog on

intravenous injection. Similar results were obtained
by directly blocking the venous return from the loop.
Of interest in this connection is an observation by
Schloss,8 who found a histamin-like substance in the
blood of infants suffering from acute intestinal intoxi¬
cations. The intestine of the infant possesses the selec¬
tive powers of the adult organ in a very minor degree.

The evidence is thus clear that death in acute ileus
results from a. systemic poisoning by histamin and
other putrefaction products formed in the lumen of
the obstructed bowel by bacteria, and passed through
the mucosa (seemingly into both blood and lymph)
when the latter has become asphyxiated and lost its vital
powers of selection, subsequent to distention and inter¬
ference with its normal circulation.

CLINICAL COROLLARIES
A few points of clinical value may be indicated.

McQuarrie and Whipple " have shown that obstruction
is attended by depressed functioning of the kidneys due
to direct action of the obstruction poisons. This
initiates a vicious cycle—the more the poisons accumu¬
late, the less the possibility of their excretion. This
may be relieved by treatment with large amounts of
saline, e. g., by hypodermoclysis, which is doubly
effective, diluting the poisons and promoting diuresis
and, therefore, elimination of the poisons. The strik¬
ing results of Luckhardt indicate the possibilities of
this therapy. These measures are of further value in
relieving the body dehydration resulting from the
intense vomiting and diarrhea of obstruction.

The value of early operation in acute obstruction is
well known. Finney 10 reports only 5 per cent, fatality
for operations performed within five hours of the
obstruction. Early and continued lavage, possibly with
astringent and amin precipitant solutions, or drainage
is indicated. The drainage tube must be sufficiently
stout to resist compression by the abdominal muscles, a

point often neglected, with fatal results.
Following the injection of sufficient quantities of

histamin, an animal passes into severe and fatal shock.
Dale has shown that a normal cat will resist intravenous
injection of more than 10 mg. per kilogram. Etheriza¬
tion for two hours lowers the resistance so that more
than half an hour later 1 or 2 mg. of histamin, or even

7. Hartwell, J. A., and Hoguet, J. P.: Am. J. Med. Sc. 143: 357,
1912; Experimental Intestinal Obstruction in Dogs, J. A. M. A. 59: 82
(July 13) 1912; Hartwell, J. A.: J. Exper. Med. 18: 139, 1913.

8. Schloss, O. M.: Proc. Soc. Exper. Biol. & Med. 18: 101, 1921.
9. McQuarrie, I., and Whipple, G. H.: J. Exper. Med. 29: 397

(April) 1919.
10. Finney, J. M. T.: Surg., Gynec. & Obst. 32: 402 (May) 1921.
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less, proves fatal on injection. Nitrous oxid and oxy¬
gen anesthesia does not lower the resistance. Since
in acute obstruction the body is continually receiving
histamin and allied substances, ether is distinctly to be
avoided. The resection should be performed under
nitrous oxid or local anesthesia if possible. Otherwise
drainage should be established with the patient under
one of these forms of anesthesia, and the more elab¬
orate operation delayed until, by these other measures,
the toxemia has been reduced.

Hull and Rettger, and others have shown that the
growth and action of the putrefactive bacteria is opti¬
mal in slightly alkaline mediums. The fermentative
flora of the intestine, however, are distinctly favored
and will displace the others in an acid medium.
Replacing meat in the diet as much as possible by carbo¬
hydrates, especially lactose, which is slowly hydrolyzed
and absorbed, favors the aciduric organisms, which
produce acids by the fermentation of the sugars ; and
practically eliminates putrefaction. Bacillus coli does
not disappear, but acts as a fermenter while these con¬
ditions are maintained. Cannon and Dragstedt have
obtained favorable results with rats in this manner. The
administration of lactose, besides the establishment of
drainage, may, therefore, prove valuable in reducingthe toxemia prior to the actual remo\ral of the
obstruction.

Hull House.

TOXIN-ANTITOXIN IMMUNIZATION
AGAINST DIPHTHERIA

WILLIAM H. PARK, M.D.
NEW YORK

The development of antitoxin in the bodies of ani-
mals injected with diphtheria toxin is one of the best
established of facts. Since von Behring and Roux
announced the results of their investigations, large
numbers of horses have been injected with toxin and
have developed abundant antitoxin.

Unaltered diphtheria toxin has been used also as a

stimulating injection in man, but it has to be used in
very small and repeated doses; otherwise it would
produce annoying local reactions and possibly even

paralysis. It was early realized that if we ever

attempted actively to immunize children, the advan-
tage would be great if we could replace pure toxin with
an altered toxin which would be equally effective and
without danger.

USE OF TOXIN MODIFIED BY ANTITOXIN FOR
ACTIVE IMMUNIZATION IN ANIMALS

The earliest knowledge that injections of toxin
almost neutralized by antitoxin are capable of stimu-
lating in animals the production of antitoxin came quite
accidentally. As is well known, antitoxin can be
detected and measured only by its characteristic of neu¬
tralizing toxin. The degree of neutralization of the
toxin by the antitoxin is determined by the injection of
a definite quantity of the mixture into guinea-pigs.
The testing of the potency of the drawings of the
serum from the various horses under treatment is
likely to leave a certain proportion of the test animals
alive because of their having received subcutaneously
toxin with an overneutralizing amount of antitoxin.

Read before the Section on Preventive and Industrial Medicine and
Public Health at the Seventy-Third Annual Session of the American
Medical Association, St. Louis, May, 1922.

The attempt to use these treated guinea-pigs several
months later revealed the fact that many of the animals
were immune. Investigation proved that this anti¬
toxin immunity did not appreciably develop until the
lapse of from four to six weeks.

Babes, in 1895, was the first to inject experimentally
diphtheria toxin-antitoxin mixtures and to appreciate
that not only slightly underneutralized diphtheriatoxin, but also that which was slightly overneutralized,
would bring about the development of antitoxin in
animals.

A little later (1896), but independently, I made the
same observations. Wernicke, in 1895, noted that
guinea-pigs actively immunized by the injection of
living bacilli and antitoxin gave birth to immune young,
and that antitoxin was present in both the mothers and
their offspring for at least eight months. In the winter
of 1896, I began to use this knowledge concerning much
overneutralized toxin practically, in starting the
immunization of the horses which were employed for
the production of diphtheria antitoxin.

I noted that the use of large amounts of over-
neutralized toxin was a safe and rapid method of
beginning immunization. In the same year, Dreyer
and Madsen made systematic investigations as to the
effect of different degrees of overneutralization on the
effectiveness of the toxin-antitoxin to stimulate
antitoxin.

In 1903 I published results showing that an injec¬
tion into a horse of 10,000 lethal doses of toxin which
has been just neutralized usually causes the develop¬
ment of about 60 units of antitoxin per cubic centi¬
meter of serum, while the same toxin neutralized six¬
fold usually causes the production of about three units.

In 1905, Theobald Smith studied the duration of
immunity in guinea-pigs which had received toxin-
antoxin. He corroborated the work of Wernicke, and
extended to two years the time during which guinea-
pigs retain immunity.

The fact that the antitoxin would take a number of
weeks to develop in those not originally possessing it
made it not applicable to persons in immediate danger
of infection. Therefore, in the presence of diphtheria,
immunizing antitoxin injections would still be neces¬

sary in families and institutions. In the absence of any
simple test for determining which individuals had
natural antitoxin and which did not; we had to inject
many unnecessarily, if active immunization were to
be attempted. The success of the treatment would also
be difficult to determine. These considerations delayed
its application in man. On the other hand, we had the
growing conviction that, wonderful as were the results
of antitoxin, diphtheria could never be conquered by
it. The combination of the ever present carrier of
bacilli, and the slowness of people to recognize diph¬
theria when it develops, still permits the occurrence of
50 per cent, more diphtheria than we would other-
Avise have, and perhaps one sixth of the number of
deaths. Furthermore, vital statistics revealed that
diphtheria mortality and morbidity had not decreased
during the last five years ; for instance, in the state of
New York, the mortality was 12.8 in 1917 and 16.8
in 1921.

Only one means presented itself to our minds
which gave any hope of making another distinct
advance. This was active immunization by means of
toxin injections.

In 1913, the application by Schick of the intracuta-
neous neutralization test to detect antitoxin immunity
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